Four experiments were conducted with an arginine (Arg)-deficient, semipurified diet to determine the Arg requirement of the weanling pig. The semipurified diet contained .18% bioavailable Arg as determined by a chick bioassay procedure and, when properly supplemented with Arg, allowed rat growth equal to that obtained with a 19.2% protein cornsoybean meal diet. A preliminary experiment with pigs indicated that the semi-purified diet was markedly deficient in Arg. The Arg requirement of the pig was estimated by adding L-Arg to the semipurified diet such that final dietary Arg levels were .18, .23, .28, .38 and .48% (Exp. 2 and 3) or .48, .58 and .68% (Exp. 4). Weight gain and efficiency of feed utilization were maximized at .48% dietary Arg. Plasma urea-N Was increased and plasma NH3-N decreased by .48% Arg compared with lower levels. A slight orotic aciduria was observed in pigs fed Arg levels below .48%. From these results, it is concluded that the Arg requirement of the weanling pig is .48% of the diet, a level twice the current NRC estimate.
Introduction
Swine diets are routinely formulated on the basis of crude protein (CP), even though the pig requires amino acids and not CP per se. Recently, however, there has been interest in the formulation of swine diets on the basis of amino acids, particularly with regard to minimizing amino acid excesses. For such a formulation program to be effective, two criteria Present address: Dept. of Anim. Sci., Louisiana State Univ., Baton Rouge.
2 Dept. of Anita. Sci. 3 To whom reprint'requests should be addressed. Received August 23, 1982 . Accepted January 17, 1983 . must be met: 1) the amino acid composition of the feedstuffs making up the diets must be known and 2) the amino acid requirements for each age group must be available. It is the latter of these two criteria that we address in this report. Lysine and arginine (Arg) are two amino acids receiving a great deal of attention with regard to formulation of swine diets. The lysine requirement of the pig has been estimated several times under varying conditions (Baker et al., 1975; Lunchick et al., 1978; Lewis et al., 1980) and can be predicted with reasonable accuracy given the pig's age, environmental conditions and expected lean body percentage. The young pig's Arg requirement, on the other hand, has received very little attention. Mertz et al. (1952) fed 0 and .21% Arg and reported that .21% maximized pig performance. Becker et al. (1954) calculated that 12% CP from dried-skim milk provided .40% Arg and that this level maximized pig growth. Nonetheless, they stated that this level of Arg was "not to be construed as a minimum Arg requirement." The recent British Agricultural Research Council publication (ARC, 1981) makes no attempt at estimating an Arg requirement for any class of growing swine. They thus have recognized that a legitimate Arg requirement study has never been accomplished with growing pigs nor has a frank Arg deficiency ever been produced.
In contrast to the growing pig, Arg deficiency has been studied in a variety of other animal species. In each case, orotic aciduria has been observed as a characteristic symptom of Arg deficiency (Milner et al., 1975) . Gestating swine, however, did not exhibit orotic aciduria when fed diets completely devoid of Arg (Easter et al., 1974; Easter and Baker, 1976) . It was concluded by these researchers, however, that Arg was not an indispensable amino acid for this class of swine. Thus, whether a frank Arg deficiency in swine will produce orotic aciduria remains open to question.
The purpose of our study was to determine: 1) the Arg requirement of weanling pigs and 2) 402 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 2, 1983 whether Arg deficiency results in orotic aciduria. Performance, plasma amino acids, plasma and urinary nitrogen (N) metabolites, and urinary orotic acid excretion were response criteria.
Experimental Procedure
General Protocol. Four experiments were conducted with crossbred pigs weaned at 4 wk of age. The pigs were maintained on a 24-h constant-light schedule in an environmentally controlled nursery (mean temperature of 26 C). In Exp. 1 and 2, pigs were housed in 1.22 2. In Exp. 3 and 4, the pigs were moved from the nursery pens into metabolism cages after the 7-d adjustment period. They were given another 4-d adjustment in the metabolism cages, during which time they were fed the SBM-semipurified diet. This diet was fed to familiarize the pigs with a diet similar in texture to the semipurified Arg-assay diet (table 2) .
Basal Diets. The basal diets (tables 1 and 2) were formulated to meet the nutrient requirements of the 5-to 10-kg pig (NRC, 1979) with bMultiple regression analysis of gain (g) on supplemental Arg intake (mg) from L-Arg. HCI and from the protein premix was Y = 28.132 + .183X 1 + .166X 2 (R 2 = .89), where Y represents chick gain and X t and X 2 represent Arg intake from standard curve (diets 1 to 4) and from the protein premix (diets 5 and 6), respectively; (b2/b ~) • 100=91%.
Ccrystalline amino acid chick diet (Baker et al., 1979) , but containing only .4% Arg.
dprovided by L-Arg. HCI.
eCorn-corn gluten meal-casein premix. Ingredients maintained at same ratio as that present in Arg-deficient basal diet (table 2) . Diets 5 and 6 supply .05 and .10% total Arg, respectively. the exception that the semipurified Arg-assay diet (table 2) contained only .2% total Arg. The latter contained 13.4% CP (N • 6.25), which was supplied by both crystalline amino acids and intact protein sources (corn, corn gluten meal and casein). The composition of the crystalline amino acid mixture varied between experiments with regard to L-or DL-amino acids, but supplied identical L-amino acid equivalents in all experiments. The DL-amino acid efficacy estimates used to obtain the L-amino acid equivalent values had been determined previously in the rat (Boebel, 1982) or the pig (Baker et al., 1971) .
Because of the nature of the planned experiments, it was necessary to determine the availability of the .2% Arg present in the semipurified Arg-assay diet. Bioavailable Arg was estimated in chicks by the slope-ratio technique (Southern and Baker, 1981 ). An Arg standard curve was generated by supplementing an Arg-deficient (.40%) cyrstalline amino acid basal diet (Baker et al., 1979) with L-Arg'HCI such that final dietary Arg levels were .40, .45, SA protein premix was prepared using corn, corn gluten meal and casein in the same ratio as that present in semipurified Arg-assay diet.
.50 and .55%. The crystalline amino acid chick diet was also supplemented with two levels of a protein premix s (5.11 and 10.22%) which, by calculation, supplied .05 and .10% total Arg. Multiple regression analysis of chick gain as a function of Arg consumed from the L-Arg" HC1 or from the protein premix indicated that the Arg present in the protein premix was 91% available (table 3) . Thus, the semipurified Arg-assay diet contained .18% bioavailable Arg (91% available • .2% total Arg = .18% bioavailable Arg.).
A preliminary rat experiment was next conducted to evaluate the growth-promoting capacity of the semipurified Arg-assay diet. Three levels of L-Arg were added to the A~g-assay diet such that final dietary levels of bioavailable Arg were .18, .38 and .58%. Performance of rats fed these diets was compared with performance of rats fed a 19.2% CP corn-SBM diet (table 1). All experiment diets were provided ad libitum. Both rat gain and efficiency of feed utilization were increased linearly (P<.01) by incremental addition of Arg to the diet (table 4) . Rats fed the 13.4% CP Arg-assay diet containing .58% Arg performed as well as those fed the 19.2% CP corn-SBM diet. The results of this preliminary experiment indicated that the semipurified Arg-assay diet, Blood Analyses. At the termination of Exp.
1, 3 and 4, each pig was bled from the anterior vena cava 6. In Exp. 1, the blood samples were pooled by replicate before analysis. In Exp. 3 and 4, the pigs were bled 4 h after the end of the morning meal, whereas in Exp. 1 (pigs fed, ad libitum), the pigs were not restricted from consuming their experimental diets before bleeding. Plasma was analyzed for amino acids as described previously (Southern and Baker, 6 In Exp. 4 (Latin square design), the pigs were bled only after the last period.
1982). Plasma urea-N and NH3-N were determined by the procedure of Fawcett and Scott (1960) as modified by Chaney and Marback (1962) .
Urine Collection and Analyses. During the final 3 d of Exp. 3 and for 3 d during the last two time periods of Exp. 4, urine was collected quantitatively from each pig. Approximately 10 ml of acid (6 N HC1) was added daily to each collection vessel to prevent NH 3 loss and bacterial contamination. Urine was collected every 24 h and 2% of each day's volume was taken; daily urine samples from each pig were pooled for analysis. Total N was determined by the Kjeldahl procedure, orotic acid by the method of Adachi et al. (1963) and u?ea-N and NH3-N as described for plasma.
Statistical Analyses. Data were analyzed by analysis of variance procedures (Steel and Torrie, 1980) . Orthogonal as well as meaningful nonorthogonal single degree of freedom comparisons were used to test treatment differences.
Results
The results of Exp. 1 are presented in table 5. Addition of .2% Arg to the semipurified Arg-assay diet significantly increased rate of gain, but had no effect on efficiency of feed utilization. Pigs consuming the Arg-supplemented diet, however, did not perform maximally as evidenced by the superior performance of pigs fed the 19.2% CP corn-SBM diet. Plasma Arg and ornithine (Orn) concentrations were not affected by Arg supplementation of dprovided by L-Arg free base. the basal diet. These amino acids, however, were increased in plasma of pigs fed the corn-SBM diet. This was likely due to the higher 7The assay duration of Exp. 2 was initially planned for 21 d rather than for 7 d. During the second week of the Exp., however, a noticeable decline in feed consumption occurred. We could not determine whether the diminished feed consumption was caused by the dry texture of the diet or by a subclinical bacterial and(or) viral infection. The latter possibility is more likely, however, because consumption problems were not observed with this diet in the other pig trials. level of Arg (1.27%) present in the corn-SBM diet than that present in the semipurified Arg-assay diet.
In Exp. 2, both gain and efficiency of feed utilization were increased linearly by incremental addition of Arg to the diet (table 6). There was no evidence of a plateau in pig performance. It must be emphasized, however, that these results were for a 7-d growth period only 7.
The dietary Arg levels used in Exp. 3 were identical to those used in Exp. 2. In Exp. 3, however, the diets were offered as a gruel rather than as a dry meal. The results of Exp. 3 are presented in table 7. As in Exp. 2, both gain and gain/feed were increased linearly by the graded increments of dietary Arg. Plasma Arg and Orn concentrations were not significantly affected by Arg level. Plasma urea-N was increased only by the highest level of Arg (.48%). Plasma NH3-N was not significantly affected by Arg level. There was a tendency, however, for plasma NH3-N to decline as Arg level in the diet increased.
Urinary orotic acid excretion (table 7) was decreased slightly by .48% Arg; no other level of dietary Arg significantly affected orotic acid excretion. Urinary total-N and NH3-N were significantly depressed by .48% Arg. Urinary urea-N was not affected by dietary Arg Level.
Experiment 4 was conducted to determine whether the Arg requirement of the pig was greater than .48% (table 8). Arginine levels above .48% did not improve pig performance, nor did they affect orotic acid or N-metabolite excretion in the urine or plasma NH3-N. Plasma urea-N was increased linearly by the graded increments of dietary Arg. Plasma Arg and Orn concentrations were increased in pigs fed .58 and .68% Arg compared with values observed in pigs fed .48% Arg.
Discussion
The results of Exp. 1 indicated that the semipurified Arg-assay diet (table 2) was deficient in Arg for the young pig as evidenced by the 43% growth response obtained from adding .2% Arg to the diet. The Arg-supplemented diet, however, did not allow maximum pig performance; an indication that .2% supplemental Arg (.38% total) was inadequate. Plasma Arg and Orn concentrations were not significantly increased by .2% Arg addition to the basal diet. Mitchell et al. (1968) have demonstrated that a significant increase in plasma amino acid concentration will not occur in pigs until the dietary requirement for that amino acid has been surpassed. Similarly, we have shown that plasma Arg and Orn concentrations will increase linearly upon adding Arg to the diet above the requirement (Southern and Baker, 1982) . Thus, the results of Exp. 1 indicated that the pig's Arg requirement was greater than .38% of the diet.
The results of Exp. 2 and 3 indicated that the young pig's dietary Arg requirement was at least .48%. In Exp. 4, however, no improvement in performance was observed when Arg levels greater than .48% were fed. Thus, we concluded from these data that the young pig's dietary Arg requirement was close to .48% of the diet. This requirement is well over twice the level estimated by Mertz et al. (1952) . Leibholz (1982) In Exp. 3 and 4, a marked increase in feed consumption (and consequently N consumption) occurred as a result of adding Arg to the diet. Thus, it was necessary to adjust (via covariance analysis) plasma and urine N metabolite data to a common N consumption. With this adjustment, plasma urea-N was increased and plasma NH3-N decreased (slightly) by .48% Arg compared with deficient levels of Arg (.18 to .38%). A similar response in dogs fed Arg-free or Arg-adequate diets has been observed in our laboratory (G. L. Czarnecki and D. H. Baker, unpublished data) . When levels of Arg above .48% were fed to pigs (Exp. 4), plasma urea-N continued to increase, whereas plasma NH3-N remained relatively low and unchanged. These results suggest that dietary Arg levels below .48% limit urea biosynthesis; i.e., the production of NH3 is greater than the capapcity of the urea cycle to take up and subsequently convert NH3-N to urea-N. Thus, relatively high levels of NH 3 and relatively low levels of urea are present in the plasma. At dietary Arg levels of .48% and above, adequate Arg is available for optimum urea cycle function such that plasma urea-N increases and plasma NH3-N remains low and stable.
In general, urinary urea-N and NHa-N followed the same pattern as plasma urea-N and NH3-N. Urinary NH3-N was decreased by .48% Arg; urinary urea-N, however, was not increased by .48% Arg. We have no explanation for this lack of increase in urinary urea-N.
Urinary orotic acid excretion was increased, but only slightly, in pigs fed Arg levels below .48%. This is consistent with the conclusion Milner et al. (1975) reported that orotic aciduria occurs during Arg deficiency in rats, hampsters, guinea pigs, mice, dogs and rabbits. Similarly, Costello et al. (1980) observed a mild orotic aciduria in Arg-deficient kittens. Thus, orotic aciduria appears to be characteristic of Arg deficiency in mammalian species that require Arg for optimum growth. The magnitude of orotic aciduria appears to vary greatly among species. The cat, a species that has a high dietary Arg requirement and is very susceptible to NH3 intoxication (Morris and Rogers, 1978a,b) , exhibits only a moderate increase in orotic acid excretion (approximately twofold) during severe Arg deficiency. In fact, the moderate degree of orotic aciduria observed in the cat by Costello et al. (1980) was very similar to the mild orotic aciduria observed by us in pigs. The pig, however, has a much lower Arg requirement and is not nearly as susceptible to NH3 toxicity as the cat. Thus, the only apparent similarity between the pig and cat with regard to Arg metabolism is the mild degree of orotic aciduria that is observed during Arg deficiency. The dog, much like the cat, is very susceptible to Arg deficiency (Ha et al., 1978; G. L. Czarnecki and D. H. Baker, unpublished data) . In contrast to the cat, however, the dog exhibits severe orotic aciduria during Arg deficiency; i.e., 50-fold increases in orotic acid excretion in Arg-deficient dogs are common (Milner et al., 1975; Ha et al., 1978; G. L. Czarnecki and D. H. Baker, unpublished data) .
The reason for the differences among species in the magnitude of orotic acidura observed during Arg deficiency is puzzling. Milner et al. (1975) postulated that the species differences might be attributed to different "digestive processes." It would seem, however, that the cat and dog, both carnivores, would have similar digestive tract function; yet during Arg deficiency, tremendous differences are observed in orotic acid excretion between these two species. Inclusion of an antibiotic in the diet, as we did, might have had a tendency to decrease orotic acid excretion by limiting NH 3 production in the gut. Easter and Baker (1977) , however, have shown that antibiotic supplementation of diets does not affect the pig's Arg status. Also, the difference observed in orotic acid excretion between dogs and cats fed Argdeficient diets cannot be attributed to antibiotics, because no antibiotics were used in the research with either species (Milner et al., 1975; Ha et al., 1978; Costello et al., 1980) . Thus, it is apparent that marked species differences exist with regard to the degree of orotic aciduria observed during Arg deficiency. The reasons for these species differences remain obscure, although differences may exist among species in their capacity to transport carbamyl phosphate from mitochondrion to cytoplasm, where orotic acid and pyrimidines are synthesized.
From the results of this investigation, we conclude that the level of bioavailable Arg required by the weanling pig is .48% of the diet, a level twice the current NRC (1979) estimate. Performance, plasma-and urinary-N metabolite concentration and urinary orotic acid excretion all tend to confirm this requirement estimate.
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